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Abstract 
We propose a new generic design methodology for different types of PSS. Product – Service System (PSS) has received much atten-
tion recently from academia and industry because of its benefits. PSS can provide customers values and functionalities, as well as physi-
cal products, to fulfill economic, social and environmental goals.Many methodologies have been proposed for designing PSSs. Most of 
the existing methodologies are domain specific and were proposed to solve specific problems in certain projects. Some methodologies 
are generic but they provide neither guideline to practitioners and designers nor reflect the differences in various PSS types. As a generic 
approach to guide practitioners and designers in designing PSS effectively, the proposed methodology also takes into account user in-
volvement, business model and organizational structure. The proposed methodology is demonstrated through design examples of differ-
ent types of PSSs. 
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1. Introduction
1.1 Product service systems 
In conventional manufacturing and production, companies 
sell products to customers. Today, with the economic crisis, 
increasing competition among manufacturing companies,  
growing environmental issues and various customer demands, 
“selling products only” is becoming more difficult [1, 24, 25]. 
Providing services together with products can enhance com-
petitiveness, achieve social, environmental, and economic 
goals, as well as attract and retain customers [3, 4, 19]. Com-
bining products and services is the basis of product service 
systems (PSS) [17].  
Goedkoop et al. [7] defined PSS as “a marketable set of 
products and services capable of jointly fulfilling a user’s 
needs. The product/service ratio in this set can vary, either in 
terms of function fulfillment or economic value”. In this 
sense, PSS is directly related to functional economy [14].
With PSS, users pay for the use of the solutions not owner-
ship [2]. This “functional thinking” of “hiring products to get 
jobs done” was mentioned by Bettencourt and Ulwick [3] 
and was further discussed by Lim et al. [10] as well as 
Hussain et al. [8]. We can consider PSS as an integrated sys-
tem consisting of products, services, and the infrastructure to 
deliver a solution to a customer to satisfy certain needs [4, 
24]. Figure 1, which is adapted from Baines et al. [2], shows 
the difference between a purchase of a “product” and a pur-
chase of a “PSS”.
The concept of PSS has been discussed since the 1990s. 
Early works greatly influenced the development of this new 
field were the works by Goedkoop et al. [7], Mont [14] and 
Morelli [15]. Research on PSS has ranged from the definition 
of PSS elements, generation of PSS offerings, representation 
of PSS, etc. to the evaluation of PSS offerings, sustainable 
development, design process for integrating products and 
services etc. [24]. 
PSSs were classified into types by Baines et al. [2], who 
merged ideas from Manzini and Vezolli [13], Tukker [21], 
and Parkersell [18], as follows: 
 Product oriented PSS: Company sells a product with 
additional services to ensure the working condition of 
the product. The ownership of the product is trans-
ferred to the customer. Services such as: maintenance, 
repair, recycling, refilling, etc. could be classified into 
this type. 
 Use oriented PSS: Company sells the use or availabil-
ity of a product not owned by the customer. Examples 
of this type are product leasing or sharing. 
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 Result oriented PSS: Company sells a result or capabil-
ity of a product not owned by the customer. For exam-
ple, instead of selling paint to a customer, the company 
can sell the result, a painted house. 
1.2 Benefits and challenges for the adoption of PSS 
Surveys by Baines et al. [2] and Beuren et al. [4] showed 
the benefits of PSS to the consumer, provider, environment 
and society. These benefits result from the higher level of 
satisfaction, increased competitiveness, decreased environ-
mental impact and materials savings. The main benefit of 
PSS for the company is that it pushes for continuous business 
improvement, quality improvement, and better company-
customer relationship. Table 1, which is adapted from 
Beuren et al. [4], shows how the PSS benefits the consumer, 
provider, environment and society. 
Although PSS brings plenty of benefits, it is still adopted 
limitedly in the industry for its potentials. The major chal-
lenges in adopting PSS were suggested by Mont [14], Baines 
et al. [2] and Beuren et al [4]: first, consumers may not be 
enthusiastic about ownerless consumption; second, the man-
ufacturer may be concerned with pricing, absorbing risks and 
shifting organization; and third, PSS design and development 
itself is a challenge. PSS is difficult to design because it is an 
integrated system consisting of products, services, and deliv-
ery infrastructure, and is strongly affected by stakeholders. 
Developing PSS requires both the involvement of many 
stakeholders who hold different views and the establishment 
of a business model and organizational structure. Still, there 
is no holistic and effective design methodology for PSS. 
This paper aims to develop a generic PSS design method-
ology for different types of PSSs, practical enough to act as a 
guideline for designers and developers. This design method-
ology is constructed by analyzing the characteristic of PSS 
types; the design processes of products and services; stake-
holder involvement; and the change in business model and 
organization structure. This research tackles “differences in 
PSS design process for various types of PSSs” and “co – 
creation process”, which are needed to be researched, as 
pointed out by Vijaykumar et al. [24]. 
The rest of the paper is organized as follows: Section 2 re-
views relevant research, presents the limitations of existing 
PSS design methodologies and the purpose of this paper. 
Section 3 focuses on our proposed methodology and its con-
struction process. Section 4 illustrates the proposed method-
ology with two design examples of PSS design and further 
discussions. Section 5 presents the concluding remarks and 
suggests future research. 
 
2. Literature review 
2.1 Methodologies for designing product service systems 
Many methodologies for designing PSS are presented in 
the literature [2, 4, 24]. Some methodologies are case – spe-
 
(a)                                                 (b) 
Figure 1. (a) The traditional purchase of a photocopier, (b) the purchase of document management capability. 
Table 1. Benefits of product service systems. 
 PSS benefits 
Consumer 
Flexible and personalized service; quality and 
satisfaction 
Continuous improvement of products and ser-
vices 
Provider 
Customer loyalty and trust 
Innovation by monitoring products in use  
Cost and resources reduction; maximization of 
results; knowledge created during the develop-
ment process are sold as consulting and training 
services; products reused in combination with 
several different services 
Environment 
Reduction in consumption through alternative 
use of product; provider responsible for the prod-
ucts and services through take-back, 
recycling, and refurbishment-reducing waste 
throughout the product’s life; services planned 
according to the life cycle of the product 
Society 
Public pressure on environmental issues grows 
Increase in the supply of services; new jobs 
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cific, meaning that they are tailored for specific projects, 
including the ones proposed by Luiten et al. [11], Manzini 
and Vezzoli [13], Morelli [16], etc. These are not generic for 
a broad range of cases.  
Other methodologies are suitable for designing of a broad 
range of PSSs. Vijaykumar et al. [24] summarized eight 
methodologies in the literature that have been detailed, and 
applied and demonstrated with industrial examples. These 
methodologies can be applied in complex PSS development 
influenced by many factors. These eight methodologies are 
summarized in Table 2 (adapted from [24]). 
2.2 Limitations of existing design methodologies 
Vijaykumar et al. [24] pointed out major limitations of ex-
isting PSS design methodologies as follows:  
 The differences in PSS design processes for different 
types of PSS (Product/Use/Result oriented) are not 
discussed. 
 The roles and responsibilities of the stakeholders in 
co-designing PSS offerings are not clearly defined in 
the methodologies. 
 The importance of the co-creation among stakeholders 
is only mentioned in insufficient detail for understand-
ing the uniqueness of this process and its real-time im-
plementation. 
 Integrating products and services is discussed as a ma-
jor objective. The overall processes involved in this in-
tegration are well detailed, but the intricate steps with-
in each stage are not mentioned. 
Morelli [17] pointed out that PSS design methodologies 
should include: (i) identification of the actors involved; (ii) 
possible PSS scenarios, veriﬁed use cases, and sequences of 
actions and actors’ role; (iii) defined requirements for the 
PSS and the logical and organizational structure of the PSS; 
and (iv) possible representation and management tools to 
represent a PSS in all of its components. Beuren et al. [4] 
commented that the PSS must be planned at a systemic level 
and that the involvement of the consumer in the creation 
process is critical. 
Aurich et al. [1] pointed out that existing design methodol-
ogies faced challenges in providing guidelines for implemen-
tation. Beuren et al. [4] argued that these limitations of PSS 
design methodologies are among the major barriers for the 
adoption of PSS in the industry. Another important issue 
regarding existing methodologies is the full coverage of the 
product – service lifecycle. As pointed out by Cavalieri and 
Pezzotta [6], no methodology has covered the whole lifecycle 
of a product –service system. 
2.3 Purpose of this paper 
This paper aims to develop a PSS design methodology 
which works for all types of PSSs (i.e., Product/Use/Result 
oriented) and 
 provides guidelines to designers in designing PSS 
for implementation (i.e., this methodology contains  
detailed design phases), 
 considers the consumer co – creation (i.e., user in-
volvement in the creation of PSS), 
 approaches the design of PSS from systemic level, 
meaning that the PSS design process takes into ac-
count all PSS elements: products, services, stake-
holders, business models and organizational struc-
ture, and 
 covers the whole PSS lifecycle. 
The proposed PSS design process can be modeled, and 
programmed to become a practical tool for designers to de-
sign and develop PSS effectively. This paper includes design 
examples to illustrate how the proposed methodology works 
for various types of PSSs. 
 
3. Proposed methodology 
3.1 Differences in the design sequence of 3 types of PSSs 
The characteristics of 3 PSS types are different, so their de-
sign activities are sequenced differently. The portioning of 
the product and service “parts” in the 3 types of PSSs are 
Table 2. Details of eight methodologies reviewed by Vi-
jaykumar et al. [24]. 
Approach Description 
Service CAD 
A method to design business models that 
increase system eco-efficiency from a 
systemic perspective 
Service Model  
Service Explorer 
Focuses on service engineering to design 
products with a higher added value from 
enhanced services. 
Integrated Product 
and Service Design 
Processes 
Exploits the potential of interrelations 
between physical products and non-
physical services and the development of 
corresponding design processes. 
Fast-track Total 
Care Design Process 
Develops innovative offerings consisting 
of hardware and services integrated to 
provide complete functional performance. 
PSS Design 
Assists engineers in the joint development 
of physical products and interacting ser-
vices to generate more added values. 
Heterogeneous IPS² 
Concept Modeling 
A model based approach of diffuse bor-
ders between products and services that 
generates heterogeneous Industrial Prod-
uct-Service Systems (IPS²) concept mod-
els in the early phase of IPS² development. 
The Dimensions of 
PSS Design 
A comprehensive description of PSSs 
capable of generating new PSS concepts. 
The Design Process 
for the Development 
of an Integrated 
Solution 
Development of methodological tools to 
support designers and generate systemic 
solutions including products and services 
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shown in Figure 2 . 
Figure 2 shows the various portions of “product compo-
nent” and “service component” in certain types of PSSs. The 
PSS types show a basic difference in the role of prod-
uct/service compared with the other. This statement can be 
explained as: 
 For the product oriented PSS, product is already avail-
able and service can be considered as an “additional 
value” to the product.
 For the result oriented PSS, the final “outcome” or 
“value” is what the customer wants to achieve. In this 
case, the decision of what kind of service to deliver to 
the customer is essential and the product can be con-
sidered as a “means” to realizing the service.  
 For the use oriented PSS, depending on the portions of 
product and service, this type of PSS can resemble a 
product oriented PSS or a result oriented PSS at a cer-
tain level. A use oriented PSS can be considered as the 
most “general” type of PSS while a product oriented 
PSS and a result oriented PSS can be considered as 
“extreme” types of PSSs (when one component – ei-
ther product or service – has the dominant portion 
compared with the other). 
Based on the different characteristics of the 3 PSS types, 
we discuss the sequence for designing the product and ser-
vice components: 
 For the product oriented PSS, in a certain design phase, 
the “product component” should be designed before 
the “service component” is designed. This is natural 
because the product exists before the service is added 
in a product oriented PSS. 
 For the result oriented PSS, in a certain design phase, 
the “service component” should be designed before 
the “product component” is designed because the cus-
tomer almost always do not care about the product, but 
is primarily interested in the value and subsequently, 
in the service which delivers that value.  
 For the use oriented PSS, depending on the portions of 
product and service, the design sequence of this type 
of PSS can resemble that of the product oriented PSS 
or the result oriented PSS. 
Identifying the sequence of design activities is very im-
portant in designing a PSS. Once the design sequence is iden-
tified, the design problem will become less abstract and the 
designer will have a starting point to deal with the design 
problem which now has lower degree of freedom and be-
comes less complicated. 
3.2 The analogy between product and service design pro-
cesses 
The product and service design processes are treated as dif-
ferent processes in the PSS literature. But some design practi-
tioners, such as IDEO, argue that the design processes of 
product and service are not fundamentally different [5]. In 
academia, Ulrich [22] also proposed that either a product or a 
service can be considered as an “artifact”, which is designed 
by a human with the same process. Figure 3 shows how an 
artifact (i.e. product or service) can be designed using Ul-
rich’s approach [22]. 
From this perspective, we construct the design process of 
PSS as a unified process. 
3.3 Co–creation–the involvement of stakeholders 
The benefit of customer and stakeholder involvement has 
been discussed many times in the PSS literature [24]. Stake-
holders can get involved in the design process through vari-
ous activities such as idea development, requirement identifi-
cation, concept development, testing, etc. Customer in-
volvement in the product design process is mentioned in the 
work of Kleemann [12] under the name of crowdsourcing. 
This paper considers the involvement of all stakeholders in 
Figure 2. Portioning of the product and service “parts” in 3 types of PSSs.
Figure 3. The design process of “artifacts” by Ulrich [22].
Product oriented 
PSS
Result oriented 
PSS
Use oriented 
PSS
“Pure”100% Product “Pure” 100% service“Mix” of product and service
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all possible PSS design phases to maximize the innovation 
from stakeholders as well as to make the PSS better address 
all stakeholders’ requirements. 
3.4 Systemic approach and the design of the whole PSS 
lifecycle 
The proposed methodology in this paper takes into account 
all PSS elements, the product, service, business model (PSS 
delivery channel), stakeholders, business model and organi-
zational structure, to optimize the PSS design process. Also, 
the design process designs the whole lifecycle of the PSS, 
from the beginning of life, middle of life to the end of life. 
3.5 The proposed methodology 
Considering all arguments from 3.1 to 3.4, the objectives 
of this paper, and the product design and development pro-
cess by Ulrich and Eppinger [23], we propose the design 
process in Figure 4. G1, G2, G31, G32, G33, G41, G42, G43 
are the approval checkpoints. They check the validity of PSS 
ideas (G1), the feasibility of PSS planning (G2) and the com-
patibility of product, service and other PSS elements, such as 
the delivery channel (business model) and organizational 
structure (G31, G32, G33, G41, G42, G43). The design ac-
tivities, characteristics and the involvement of various stake-
holders are shown in Table 3. 
Table 3. Design activities, characteristics and the involvement of various stakeholders. 
Design Step Design Activities Stakeholder Involvement Checkpoint 
PSS Idea Development 
 Opportunity Scanning 
 Business Model 
 PSS Type 
 PSS Idea 
 User: Idea Generation, Idea Evaluation 
 Others: Idea Generation, Idea Evaluation 
G1 
Validity of PSS ideas 
PSS Planning 
 Resources Allocation 
 Team Formation 
 Market Segmentation 
 PSS Scheduling. 
 User: PSS Portfolio Evaluation 
 Supplier: Technology Availability (support systems) 
G2 
Feasibility of PSS plan 
Requirement Analysis 
 Needs Identification 
 Needs Analysis 
 Benchmarking 
 PSS Specifications 
 User: Requirement input, Specification Evaluation 
 Others: Specification Evaluation 
G31, G32, G33 
Consistency of product, 
service and other PSS ele-
ments: business model, 
organizational structure as a 
system 
Design and Integration 
 Concept Design 
 Detail Design. 
 PSS Integration 
 All Stakeholders: Concept Evaluation 
G41, G42, G43 
Compatibility of product, 
service and other PSS ele-
ments: business model, 
organizational structure 
Test and Refinement 
 Test implementation 
 Feedback & Refinement 
 User: Test & Feedback PSS is ready to deliver 
Implementation 
 PSS Delivery 
 Use 
 Support 
 User: Utilization & Feed back  
Retirement & Recycling 
 PSS Retirement 
 Disposal/Recycling 
 User: Disposal 
 Suppliers: Disposal Plan 
End of life 
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Figure 4. The proposed PSS design process.
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Figure 5. The PSS design process for company A.
Figure 5. The PSS design process for company A
Opportunity Scanning: Market need and the company’s capability 
Business Model: Product (PDF file) + Service (support) 
PSS Type: Product oriented PSS (Product + additional services) 
PSS Idea: Selling product with higher service level than traditional sales.
User involvement: Idea Generation, Idea Evaluation
Resources Allocation: All capabilities are available at hand 
Team Formation: Marketing + Documentation production and delivery + 
Customer support personnel 
Market Segmentation: Students, Self-learners 
PSS Scheduling: Set the time frame to design the PSS, time to launch, assign 
tasks.
Needs Identification: Collect the needs of customers 
Needs Analysis: Translate the needs into the team’s language 
Benchmarking: Compare with existing solutions and products 
PSS Specifications: Set up specifications: length, amount of support tickets, 
support timing, etc. User involvement: User – Requirement input. 
Product Component Concept & Detailed Design: Develop the concept & 
detailed design of product, i.e. the document. The product is available. 
Service Component Concept & Detailed Design: Design the service accord-
ingly, i.e. fix the final specification. 
PSS Integration: Set up delivery channel 
User involvement: Concept Evaluation 
Test implementation: Release test version to uses 
Feedback & Refinement: Get feedback and refine 
User involvement: Test and Feedback
PSS Delivery: Deliver PSS; Use: Customers use the PSS; Support; User 
involvement: Continuing Feedback
PSS Retirement: End of PSS 
Disposal/Recycling: Electronic document, no recycling
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Figure 6. The PSS design process for the sanitary project of IDEO.ORG.
Opportunity Scanning: There is a need for sanitary service with low cost 
Business Model: Provide toilet and waste collecting service with fee 
PSS Type: Use oriented PSS with high portion of service 
PSS Idea: Provide service and collect payment monthly 
Outsider involvement: Ideas from the internet community. 
Resources Allocation: Design and production are available 
Team Formation: A team consists of designers, engineers, writers and local 
workers. 
Market Segmentation: people who live in the compound in Kumasi 
PSS Scheduling: Set the time frame to design the PSS, time to launch, assign 
tasks.
Needs Identification: Interview customers + visit the site to assess  
Needs Analysis: Translate the needs into the team’s language 
PSS Specifications: Set up specifications: service type, period of collecting 
waste, type and size of toilet, etc. 
User involvement: User – Requirement input
Service Component Concept & Detailed Design: Develop the concept & 
detailed design of service, i.e. what type of service to provide to the local citi-
zens, how frequent of collecting waste, how much to charge monthly, etc. 
Product Component Concept & Detailed Design: Design the product ac-
cording to the service conditions. 
PSS Integration: Set up delivery channel
Test implementation: Release test versions to local citizens 
Feedback & Refinement: Get feedback and refine 
User involvement: Test and Feedback
PSS Delivery: Deliver the package; Set up and train the local team. Use: Cus-
tomers use the PSS; User involvement: Continuing Feedback
PSS Retirement: End of contract, if any 
Disposal: Dispose of the old device and replace with a new one.
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4. Illustrating examples 
4.1 Product – oriented PSS 
Company A is involved in engineering and the industrial 
training area. One of its products is lecture material, sold to 
the customers in the form of portable document format (PDF) 
files. Traditionally, when the customer purchases a document 
from the website, he receives a hyperlink to download the 
file from the company’s repository. This business model is 
rather simple but implies certain limitations: first, with this 
type of “pay and download” of purchase, there is no guaran-
tee that the files will not be shared to the public or among 
non-buyers illegally, and second, when providing support 
services to customers (i.e. answering the questions which are 
related to the lectures, correcting bugs, providing latest up-
dates to the content, etc.) via the website, the company has no 
way to know if the support requester is the one who truly 
purchased the product.  
The company then decides to move from this business 
model to a newer business model which combines product 
(i.e. the lecture materials) and services (supportive activities). 
The company sells each PDF file with one uniquely embed-
ded tracking code so that it can track of which file is pur-
chased by which customer. This tracking code will be used as 
the support code (with a limited number of support tickets); 
whenever customers ask for support from the company, they 
would need to declare their own support code. When a sup-
port ticket has been completely used, the support history of 
the customer will be updated and the number of remaining 
tickets will be subtracted. 
This new product – service system can solve the current 
problem of company A. Since the company sells the product 
with additional services and the ownership of the product is 
transferred to the customer, the PSS is product – oriented and 
thus, using the proposed PSS design process, company A’s 
new PSS can be designed with the process illustrated in Fig-
ure 5. 
4.2 Use – oriented and result – oriented PSS 
IDEO is a company currently working in the field of de-
signing products and services. They have a branch project 
which is located at www.ideo.org whose mission is to solve 
social problems, such as poverty, health care, gender, etc. 
through design. One of IDEO.ORG projects is the sanitary 
project in Ghana [9].  Kumasi, Ghana lacks sanitary services, 
and most of the citizens in the area cannot afford a toilet at 
home and the public toilets have serious problems in terms of 
cleanness and convenience. There is certainly a need of an 
affordable sanitary service and the IDEO team tackles this 
with a PSS: providing the citizens with toilets, waste car-
tridges (as products) together with the service of collecting 
waste cartridges, replacing new cartridges, and disposing of 
 
Figure 7. Business model for the sanitary project of IDEO.ORG. 
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the waste. In this case, the company sells the use or availabil-
ity of a product not owned by the customer, and thus, this is a 
case of use oriented PSS. Since the service part of this PSS is 
more essential and due to the “ownerless” manner, this PSS 
can be designed with the process of designing result oriented 
PSS in which the service related components will be deter-
mined ahead of the product related components. Figure 6 
shows the steps to designing this PSS using the design se-
quence for the result–oriented PSS which is suggested by the 
proposed methodology. In fact, through this project, in 2012, 
the company piloted 100 toilets and they set a goal of serving 
12,000 households in 2013. Figure 7 illustrates the actual 
business model of this project as of 2012. 
4.3 Discussions 
For most of the existing PSS design methodologies, one of 
the drawbacks that limit the potential applications of PSS in 
industry is the ability to act as practical guidelines for PSS 
designers. Most of PSS design methodologies in the literature 
do not have a step by step design process and the usefulness 
of those methodologies to PSS designers has been limited. 
With the methodology proposed in this paper, PSS designers 
can follow design steps to design and develop PSS from the 
start with PSS idea to the final PSS offering as the output of 
the process. 
Among the existing PSS design methodologies, only the 
one from Aurich which was reviewed by Vijaykumar et al. 
[24] and is shown in Figure 8 considers the “step by step” 
manner of the PSS design process. This methodology might 
perform better than other existing methodologies in terms of 
guiding PSS designers but it still has limitations. It does not 
imply the design sequence of product and service compo-
nents when designing PSS, although this sequence is essen-
tial for the effective design of PSS as we discussed in Section 
3. Without considering the design sequence properly, the 
design problem becomes much more abstract, and difficult 
for designers to identify the starting point of the design pro-
cess. Also, if designers do not properly choose the right de-
sign sequence , more “trial and error” design efforts will in-
crease the amount of design changes and thus increase the 
time and cost of PSS design and development. The proposed 
methodology in this paper solves the above problem by con-
sidering design sequence of the product and service compo-
nents properly. 
 
5. Conclusions 
Based on the previous works about PSS design methodol-
ogy, analysis of the differences in the characteristics of PSS 
types, the analogy between the design processes of products 
and services, the benefits of enabling co – creation in design-
ing PSS and  the systemic approach to PSS design, the au-
thors proposed a new PSS design process and methodology. 
The proposed PSS design is generic so that it can work with 
various types of PSSs, practical enough to guide designers. 
The proposed methodology also takes into account user in-
volvement, business model and organizational structure in 
designing PSSs. 
The proposed design process is still at conceptual level. 
For future work, we plan to detail the design process with 
more insights to make the design process more practical for 
designers. We will also include more case studies to clarify 
the design methodology and compare our methodology to 
previous works. The outcome of our design process will also 
be evaluated in future research. 
 
Acknowledgments 
This research was supported by Basic Research Program 
through the National Research Foundation of Korea (NRF) 
funded by the Ministry of Education (No. 
2013R1A1A2013649). 
 
Figure 8. PSS design process which was proposed in Aurich’s methodology (adapted from [24]). 
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